ABSTRACT: Groupers (Pisces: Serranidae) of littoral environments of warm-temperate and tropical regions have expenenced intense fishery exploitation. Indicators of intense fishing include declines or change in abundance, size, spawning aggregations, and species composition. Surveys of grouper were carned out from 1995 to 1997 in the Flonda Keys, central Bahamas, southeastern Cuba, and the southeastern Dorninican Republic to iüuminate Patterns in species composition, abundance, and size, along a gradient of relative fishing pressure. We assumed that the diversity, composition, density, and size would serve as indicators of fishing pressure in these areas. The study locations included 2 national parks and a national manne sanctuary, and were categonzed as: (1) intensively fished with little or no management for groupers (southeastern Cuba, southeastern Dorninican Republic), (2) intensively fished with numerous gear and effort regulations (Florida Keys), (3) lightiy fished with some gear and effort regulations (northern and southern Exuma Cays, Bahamas), and (4) a no-take marine fishery reserve closed to fishing (Exuma Cays Land and Sea Park, Bahamas). On each site 10 to 20 stnp transects (20 m X 5 m) were surveyed in water of 1 to 20 m depth over rocky hard-bottom habitats for density and size of grouper. Nine grouper species (2 Cephalophoiis spp., 4 Epinephelus spp., and 3 Mycteroperca spp.) were documented among aii areas. Results show that areas where grouper fishing was relatively light had greater numbers of species, density, and biomass, particularly for larger species such as Nassau grouper E. striatus. Classification of groupers by 3 life history categories or growth strategies (small, intermediate, and large) indicated significant differences in density and biomass among study areas. The density and biomass of larger grouper species were significantiy greater in the no-take m a~e reserve and iightly fished areas than in the more intensively fished areas. In 3 of the areas charactenzed as intensively fished, one of which has several grouper fishery regulations, grouper density and biomass were dominated by smail, non-targeted species such as the graysby C. cruentatus and the coney C. fulva. This pattern may indicate a second-order effect of fishing, indicative of potential changes in competition or predation. No-take marine fishery reserves represent a viable means to protect grouper resources, sirnphfying enforcement relative to complex catch and effort regulation, but also potentiaiiy aileviating the need to gather fishenes-dependent data.
INTRODUCTION
Groupers (Serranidae, Epinephiiinae) are important top-level predators in coral reef ecosystems worldwide 'Present address: University of North Caroiina at Wilmington, The National Undersea Research Center, 515 Canbbean Drive, Key Largo, Flonda 33037, USA. E -m d : mark@benthos.cox.miami.edu (Parnsh 1987) . They are highly sedentary, iiving near the bottom in holes, caves, and crevices. Groupers occupy a variety of habitats over a wide depth range (1 to 300 m) and feed prirnarily upon fishes and crustaceans (Nagelkerken 1981 , Parrish 1987 , Sluka & Suiiivan 1996a . Many species can attain large sizes (>I00 cm total length [TL] ). Moderate to large species are characterized by slow growth, delayed reproduction, long life Span, reduced spawning penod, and (Sadovy 1994) . In addition, several species exhibit aggregate spawning behavior (Smith 1972 , Shapiro 1987 .
Groupers are prized food fishes in both recreational and commercial fisheries (Bohnsack et al. 1994 , Carter et al. 1994 , but have experienced marked declines in abundance, size, landings, and catch per unit effort due to severe exploitation (Gobert 1994 , Sadovy 1994 . In many instances, overfishing of spawning aggregations has been the cause of decline in diverse areas such as the eastern Caribbean (Beets & Friedlander 1992) , Belize (Carter et al. 1994) , Mexico (Aguilar-Perera & Aguilar-Davila 1996) and Bermuda (Luckhurst 1996) . Nassau grouper Epinephelus striatus and other large species are particularly vulnerable to fishing, even at moderate levels, because of their life history characteristics (Olsen & LaPlace 1978 , Huntsman & Schaaf 1994 . Intense fishing pressure tends to decrease the abundance and average size of fish (Ferry & Kohler 1987 , PDT 1990 , Beets & Friedlander 1992 , but can also result in the decline of spawning aggregations (Carter et al. 1994 , AguilarPerera & Aguilar-Davila 1996 , changes in species composition (Goeden 1982) , and an increase in the abundance of non-targeted species (Bohnsack 1982 , Sluka & Suliivan 1996b . Conventional catch and effort regulations for grouper fisheries evidently have not prevented stocks from being overfished (Bohnsack et al. 1994 , likely due to a combination of inadequate enforcement, lack of biological knowledge and socioeconomic factors (Sadovy 1994) . For example, the Nassau grouper is now federally protected in the United States (Bohnsack et al. 1994 ) and has declined to such a degree in the US Virgin Islands and Puerto Rico, due possibly to overfishing of spawning aggregations, that it is now considered economically extinct (Sadovy 1994) .
One management option that has been proposed to combat overfishing is to establish marine fishery reserves, also referred to as no-take marine reserves or harvest refugia. A marine reserve constitutes a defined space to which some form of management and limited entry is applied or constitutes areas permanently closed to consumptive usage (PDT 1990 , Dugan & Davis 1993 . The benefits of no-take marine reserves for intensively fished species such as grouper are numerous, and such reserves afford types of protection not provided by other forms of management: protection of spawning stock biomass, maintenance of genetic variability, enhancement of fisheries yield to adjacent areas through ernigration, and enhancement of larval production to replenish other areas (Russ 1985 , Russ et al. 1992 , Polunin & Roberts 1993 . Marine reserves may also increase or preserve high species diversity and increase econornic gain (Russ & Alcala 1989) .
The focus of this study was to assess grouper resources through underwater visual transects in northern areas of the wider Caribbean. The main goal of this study was to evaluate fishing pressure influence (reflecting fishery management regimes) on grouper assemblages. This was achieved by: (1) s w e y i n g areas differing in fishing intensity, development of catch and effort regulations, and (2) comparing grouper species composition, density, and biomass along a gradient of relative fishing pressure. We reasoned that the density and biomass of predatory fishes such as groupers would provide an excellent indicator of the effects of marine reserve protection and fishing (Russ & Alcala 1996) . Results from the present study could provide evidence of second-order effects of fishing and have implications for the recovery potential of heavily fished coastal areas. Although juvenile and adult groupers may show specific habitat preferences (Nagelkerken 1981 , Shpigel & Fishelson 1989 , these analyses are presented elsewhere ,b, Sluka & Suliivan 1996a .
METHODS
Study sites. Four regions of the northern wider Caribbean were surveyed for grouper species composition, density, and size from 1995 to 1997. These are the Florida Keys, central Bahamas, southeastern Cuba, and the southeastern Dominican Republic (Fig. 1) . Six study areas, with a total of 70 sites representing coral reef and low-relief hard-bottom habitats were sampled over a 1 to 20 m depth range (Table 1 ). The descriptions of these bottom types are presented elsewhere , Vega et al. 1996 , Chiappone & Sullivan 1997 . For data analysis and statistical computations, the study areas were classified according to relative fishing pressure, possibly indicative of grouper fishery management regimes (Table 2) .
Southeastern Cuba and the southeastern Dominican Republic were classified as intensively fished with little or no catch or effort regulations for grouper. In southeastern Cuba, reefs were surveyed within the boundaries of the US Naval Base at Guantanamo Bay, where destructive fishing practices are prohibited. There are no fishing restrictions such as catch quotas, rninimum size, or area closures for groupers, however, and grouper fishing is primarily for recreational purposes; the main fishing methods used are spearguns and hook-and-line.
In the southeastern Dominican Republic, 6 of the 7 sites surveyed were in the Parque Nacional del Este, a large, coastal national park. Established in 1975, Parque Nacional del Este is the second largest pro- tected area in the Dominican Republic, comprising over 434 km2 of terrestrial habitats and an additional 120 km2 of shallow-water (<30 m) marine habitats. Fishermen originate from 4 smail villages and towns within and adjacent to the park. Most fishing is artisanal in nature and is conducted from small (<7 m) sailing sloops or yolas. Fishermen use a variety of gear types, but the majority (> 80 %) of fishing is done using hook-and-line and spears (G. Bustamante, The Nature Conservancy, pers. comrn.). Fishes most targeted include species of Serranidae, Lutjanidae, Balistidae, and Scaridae. Historical data are lacking on exploitation patterns and the Status of grouper resources in the park (Towle et al. 1973 , Vega et al. 1996 . Towle et'al. (1973) reported 25 yr ago that conch, lobster, and reef fish were severely depleted in many areas of Parque Nacional del Este, particularly from spearfishing and cornmercial fleet operations prevalent from the 1950s to the early 1970s. The Florida Keys are situated at the northern edge of the distribution of many tropical groupers. However, the catch composition here is generally similar to some areas of the Caribbean (Bohnsack et al. 1994) . Grouper survey sites are all located in the Florida Keys National Marine Sanctuary, a 9515 km2 protected area estabLished in 1990. A commercial fishery for groupers has existed in the Florida Keys since the mid-1800s. In the federally managed US South Atlantic, 14 species are considered important in the commercial and recreational fisheries . The entire Florida Keys area is heavily fished year round with seasonal peaks during the winter tourist season and Summer months. The fisheries are extremely complex because of the large number of species targeted, different kinds of gear used, number of access points, and many different objectives among fishing interests (Bohnsack et al. 1994) .
Fisheries-dependent data from the Florida Keys suggest that grouper landings and catch composition have changed drarnatically because of increased commercial and recreational fishing (Bohnsack 1990 , BohnSack et al. 1994 ). Commercial and headboat landings for total grouper (kg) declined from 1977 to 1992. Recent multi-species stock analyses have shown that 13 of the 16 grouper species in the Florida Keys are below the 30% spawning potential ratio, which is defined as a state of overfishing by the Federal Fishery Management Council (Ault et al. 1998) . Fishermen use spear guns and hook-and-line in the sanctuary. Black --grouper Mycteroperca bonaci and red grouper Epinephelus mono are the most important by weight in available landings data (Bohnsack et al. 1994) . M. bonaci is not considered overfished according to the South Atlantic Fisheries Management Council (but See Ault et al. 1998) ; however, several other species are considered overfished based on spawning stock per recruit ratio Ault et al. 1998) . Carysfort Reef (Fig. 1) has been protected from spearfishing and trap fishing since 1975 and 1980, respectively. Jewfish E. itajara and Nassau grouper E. striatus have been protected from all forms of fishing since 1990 and 1991, respectively. Fish traps have been banned in federal waters since 1980. There are recreational and commercial catch quotas and minimum size regulations for several species currently in effect.
Three separate areas were surveyed in the central Bahamas: northern Exuma Cays, Exuma Cays Land and Sea Park, and southern Exuma Cays. The northern and southern Exuma Cays were classified as lightly fished with moderate management. Artisanal and commercial fishermen primarily target Nassau grouper Epinephelus striatus; this species is the third most important commercial fishery (behind spiny lobster and queen conch) and the most important finfish species in the Bahamas. Most of the landings are generated from the fishing of spawning aggregations from December to February at several locations such as Andros, Cat Island, and Long Island (Sadovy in press). Only 2% of the roughly 17 619 t annual catch (worth over US $1.7 million) originates from the Exuma Cays; however, this does not include groupers caught for local consumption (V. Deleveaux, Bahamas Department of Fisheries, pers. comm.). Other large grouper species (e.g., Mycteroperca spp.) are generally not targeted, but are likely fished incidentally by hook-andline and trap fishmg. Fishing methods in the northern Exumas include spearguns, traps and hook-and-line, while spearguns and hook-and-line are mainly used in the southern Exumas.
Between the northern and southern Exuma Cays regions lies the Exuma Cays Land and Sea Park (ECLSP), a no-take marine reserve. The ECLSP encompasses a 35 km long section of the Exuma Cays, covering an area of 442 km2. The park was estabiished by the Government of the Bahamas in July 1958, under the National Trust Act, to preserve the natural heritage of the Bahamas (Fig. 1) . The following year, the Bahamas National Trust (BNT), a non-governmental organization, was created by an Act of Pariiament and mandated with the responsibilities and powers to manage the ECLSP and any future national parks. Initially, lirnited fishing was allowed in the park, but by the 1980s fishing pressure in the park had apparently increased dramatically, and the BNT changed the park by-laws in 1986 to make the entire area closed to all forms of fishing. A park warden has been on-site since 1989. A volunteer Support fleet and the Bahamian Defense Force presently assist one warden. The park is subjected to some level of poaching, as reflected for example by the decreased abundance and biomass of Nassau grouper away from the park ranger station .
Grouper surveys. 10 to 20 transects measuring 20 m X 5 m in area were haphazardly placed in hardbottom habitats in each of the 6 study areas at depths of 1 to 20 m. Groupers were visually surveyed for number and TL. Transect width was visually estirnated and observers were trained to accurately estimate transect width by swirnming the length of a transect and placing construction flags at an estirnated distance of 2.5 m out on each side of the line. The average estimated distance was compared to the desired estimate and biases made known to the observers. Observers were also trained to estimate fish length to the nearest cm by swirnming past a senes of fish models and visually estimating their sizes (Bell et al. 1985) . Results were compared to known lengths for each model and the individual biases made known to the observers. In the Exuma Cays, 10 transects per site were surveyed based on desired precision levels (>20%) and pilot studies . In all other areas, generally 16 to 20 transects per site were surveyed due to the low density of groupers, particularly larger species. Seventy sites and 958 transects were surveyed in total (Table 1) .
Mean density (no. 100 m-2) and biomass (g 100 m-2) of species were computed for each of the 6 study areas based upon mean values calculated from site-level & Colin 1995) . Relative percent density and biomass metrics were computed based on each species contribution to the total in each of the 6 study areas. Parametnc or non-parametnc (Kruskal-Wallis test) analysis of variance was used to detect significant diiferences in density and biomass among the 6 study areas (Zar 1996) . Variance homogeneity was examined using Bartlett's test and monotonic transformations applied pnor to ANOVA. Tukey's honestly significant difference test or the non-parametnc analog was used as a multiple companson test (Zar 1996) . Compansons in density and biomass were also made among study areas according to grouper lue history categones. Grouper species were divided into 3 general categones based on growth history: small, intermediate, and large (Shapiro 1987 . Small species are graysby Cephalopholis cruentatus and coney C. fulva, both of which tend to remain relatively small (maximum length <41 cm) and reach sexual matunty between 16 and 25 cm TL (Thompson & Munro 1978) . Intermediate-size species are red hind Epinephelus guttatus and rock hind E. adscensionis, which attain a maximum size generally between 41 and 60 cm TL (Thompson & Munro 1978 , Potts & Manooch 1995 . Large species are Nassau grouper E. striatus and Mycteroperca spp. These species sexually mature between 42 and 50 cm TL (Shapiro 1987 , Sadovy & Colin 1995 , and may attain a max$um size weli over 90 cm TL (Thompson & Munro 1978 , Manooch 1987 , Manooch & Mason 1987 . These life history categories were used so that compansons among regions would not be biased by differences in species abundance indicative of biogeographic patterns.
RESULTS

Species composition and abundance related to fishing pressure
Nine grouper species represented by the genera Cephalophoiis (2 species), Epinephelus (4 species) and Mycteroperca (3 species) were identified in transect surveys among all study areas surveyed (Table 3 ). In themost intensively fished locations; e.g. southeastern Cuba and the Dominican Republic, only 3 and 5 species were identified along all transects, respectively. In the Flonda Keys and lightly fished or wholly protected areas in the central Bahamas, from 7 to 9 grouper species were recorded. A notable result was the apparent absence of any Mycteroperca species within transects in 2 of the most intensively fished locations.
Mean densities of groupers (no. of ind. 100 m-') exhibited significant vanation among the 6 study areas for most species as determined by non-parametnc analysis of variance: Cephalopholis cruentatus ( H = 34.04, df = 5 , p <0.001), C. fulva ( H = 29.71, df = 5 , p < 0,,001), Epinephelus striatus (H = 38.41, df = 5, p < 0.001), Mycteroperca bonaci ( H = 19.32, df = 5, p < 0.01), M. tigris (H = 15.89, df = 5, p < 0.01), and M. venenosa (H = 11.85, df = 5, p < 0.05) ( Table 3) . Non-targeted species (C. cruentatus and C. fulva) were significantly more abundant in intensively fished regions, while larger groupers were significantly more abundant in lightly fished regions and the no-take marine reserve. This pattern was particularly prevalent for E. striatus, which was 6 times more abundant in the no-take marine reserve than in the Florida Keys, as well as 2 tirnes greater than in the northern and southern Exumas. The relative abundance of grouper species indicated that intensively fished regions were dominated (>85% of total density) by non-targeted species (C. cruentatus and C. fulva), while larger, targeted species represented a greater percentage of the grouper assemblage in lightly fished areas of the Bahamas (Table 3) . For example, E. stn'atus and Mycteroperca spp. comprised over 30 % of the groupers surveyed in the marine fishery reserve. Analysis of grouper density patterns by life history category further demonstrated patterns probably related to fishing intensiv (Figs. 2 & 3) . Analysis of variance on root-root transformed density data showed that the mean density of small grouper species was generally greater in intensively fished areas (F-test, df = 5, p < 0.01). Non-pararnetric analysis of variance for large grouper species showed that density was Relative Abundance . .
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M. venenosa
also significantly different among the 6 study areas (H= 26.2, df = 5, p < 0.001) and showed a clear increase from intensively fished areas to the marine fishery reserve (Fig. 2) . In intensively fished areas, for example, smaller-groupers comprised 86 to 100% of the individuals surveyed. In lightly fished areas and the no-take marine reserve, however, smaller groupers comprised 53 to 82% of the total groupers recorded. While large grouper species were either absent, or only accounted for approximately 6% of the total groupers' in intensively fished locations, they comprised 10 to 35 % in lightly fished areas and the marine fishery reserve.
Grouper size and biomass in fished and protected areas
Because of some biogeographic differences in species composition, sample size and the abundance of groupers, formal statistical comparisons of grouper size were not attempted. Graysby Cephalopholis cruentatus had the smallest mean TL in lightly fished areas or the no-take marine reserve, but had on average a 2 to 3 cm greater mean TL in intensively fished areas (Table 4) . The exception to this pattern was southeastern Cuba, where many small individuals of this species were observed at 1 site. Larger grouper species generally showed a pattern of greater mean size and range in size in lightly fished areas and the ECLSP. This was particularly evident even among areas in the central Bahamas for Nassau grouper Epinephelus striatus, where, on average, individuals were 6 to 7 cm larger in the ECLSP than in the northern and southern Exumas.
The grouper biomass per unit area, an integrated measure of density and length, exhibited many predictable patterns to fishing pressure as density (Table 5) . Non-parametric ANOVA showed that mean grouper biomass (g 100 m-') differed significantly among locations for most species: Cephalopholis cruentatus ( H = 30.83, df = 5, p < 0.001), C. fulva (H= 27.45, df = 5, p < 0.001), Epinephelus guttatus (H = 12.86, df = 5, p < 0.05), E. stn'atus ( H = 38.07, df = 5, p < 0.001), Mycteroperca bonaci (H = 18.13, df = 5, p < 0.01), M. tigris ( H = 16.28, df = 5, p < 0.01), and M. venenosa ( H = 11.44, df = 5, p < 0.05). Non-targeted species (C. cruentatus and C. fulva) generally had greater biomass per unit area in intensively fished regions, while larger groupers had greater biomass in lightly fished regions and the ECLSP. This was especialiy true for E. striatus, whose mean biomass per unit area was over 30 tirnes greater in the no-take marine reserve than in the Florida Keys, but also 3 to 4 tirnes greater than in the lightly fished northern and southern Exumas. Relative biomass data showed that intensively fished regions were dorninated (50 to 100%) by smailer, nontarget species (C. cruentatus and C. fulva), while lightly fished regions (44 to 50 %) and the marine fishery reserve (14 %) were dominated by larger species.
Analysis of grouper biomass patterns by life history category illustrated certain patterns among locations probably related to relative fishing intensiv (Figs. 3  & 4) . Although significant differences in smail grouper density were noted, mean biomass (log-transformed) was not significantly different among the 6 study areas (F-test, df = 5, p = 0.09); however, small grouper biomass was lowest in the lightly fished northern Exumas and the ECLSP (Fig. 4) . In contrast, the mean biomass of larger grouper species showed a clear pattem of increasing mean biomass per unit area with degree of protection ( H = 26.0, df = 5, p < 0.001). When relative biomass by life history was explored, differences among locations were even more evident (Fig. 3) . In southeastern Cuba and the southeastern Dominican Republic, for example, 75 to 100% of the grouper biomass was comprised of small species. In contrast, nearly 90% of the grouper biomass in the ECLSP was comprised of larger, targeted species.
DISCUSSION
Existing data on the status of grouper stocks in the wider Caribbean provides undeniable evidence of the vulnerability of these fishes to even relatively low fishing pressure. This appears to be particularly true in areas lacking catch and effort regulations (Gobert 1994 , Sadovy 1994 , Luckhurst 1996 and demonstrates that grouper abundance, size distribution and inte-fishery characterized by multiple target species, gears, and objectives (Bohnsack et al. 1994) . Even in lightly fished locations such as the central Bahamas, Systems of marine reserves linked by circulation Patterns, as well as specific protection of existing spawning aggregations, may represent the most reliable means to ensure the recovery and conservation of grouper populations.
